Sequence-specific DNA binding proteins have a central role in the molecular mechanisms that control the initiation of transcription. It is possible to clone these proteins by Southwestern screening of a cDNA expression library. However, this is a time-consuming and frustrating process. In this report, we describe two different types of cloning artifacts that investigators should be aware of before beginning a Southwestern screening of a cDNA expression library.
The cDNA expression library used in this report was the 5 ′ stretch rat lung cDNA library in the cloning vector λ gt11 (CLONTECH Laboratories, Palo Alto, CA, USA). The probe used to screen the library was a concatemer consisting of a 20-bp region derived from the 5 ′ -flanking region of the rat surfactant protein A (SP-A) gene. The 20-bp region is located at -158/-139 bp of the rat SP-A 5 ′ -flanking region, and the sequence of this region is shown in Scheme 1.
BAMH1 linkers were added to the 5 ′ ends of the -158/-139-bp sequence to facilitate the formation of a concatemer probe. The concatemer probe contained a maximum of 5 copies of the sequence and contained 4-base single-stranded overhanging ends. Surfactant is a lipoprotein complex that is essential for normal lung function. SP-A is the major surfactant-associated protein and is known to be important in the structure, function and metabolism of surfactant. The 20-bp region of the 5 ′ -flanking region of the rat SP-A gene used here as a probe has been shown previously (12) to contain a thyroid transcription factor-1 binding site (TTF-1), to form strong lung-and thyroid-specific DNA/ protein complexes in mobility shift assays and to bind nuclear polypeptides that have similar apparent molecular mass to TTF-1. TTF-1 also has been shown to be important in the regulation of expression of the human SP-B gene (2) and the murine SP-A gene (3) .
The cDNA expression library was screened essentially as described by Singh (11). In brief, phages were plated under lytic growth conditions. Once plaques appeared, isopropylthiogalactoside (IPTG)-saturated nitrocellulose filters were placed on the plates to induce the expression of the fusion proteins encoded by the recombinant phage. Phage growth was continued, and as the cells lysed, the proteins were immobilized onto the filters. The filters were then lifted, blocked and probed with the radiolabeled recognition-site DNA in the presence of an excess of nonspecific competitor DNA. The filters were washed and processed for autoradiography.
Two million plaques of the library were screened, and two positive clones, named 2-2-2 and 17-1-2, were isolated and characterized in the same manner. First, the fusion proteins encoded by the positive cDNA clones were analyzed. Recombinant phage lysogens were established, and crude cell extracts were prepared from the recombinant phage lysogens as described previously (11). These crude cell extracts were used in mobility shift assays as described previously (9) to confirm the binding of the fusion protein to the DNA fragment. The probe used in the mobility shift assays was the monomeric form of the concatemer probe used to screen the library. Recombinant phage lysogens were also made from negative cDNA clones. Crude cell extracts were prepared from these lysogens and used in the mobility shift assays as negative controls. Second, the positive cDNA clones were used in Northern blot analysis as described previously (6) to determine the size of the mRNAs corresponding to the cDNA clones and to determine if the genes for the cDNA clones are regulated in a tissue-specific, developmental or hormonal manner. Finally, the positive cDNA clones were sequenced using the fmol ® DNA Sequencing System (Promega, Madison, WI, USA), and computer sequence similarity searches were carried out using the basic local alignment search tool (BLAST) program (1) . Figure 1A shows that the monomeric probe forms one DNA/protein complex with the crude cell extract from recombinant phage lysogen 2-2-2 (lanes 2 and 4) that is absent with the crude cell extract from the negative control (lanes 5-7). Furthermore, this DNA/ protein complex is abolished by the presence of a specific competitor (lane 3) and is decreased by the presence of a nonspecific competitor (lane 4). These data confirm that the fusion protein encoded by clone 2-2-2 binds to the monomeric probe. However, they also suggest that this may not be a sequence-specific interaction because the DNA/protein complex is decreased by the presence of a nonspecific competitor.
Northern blot analysis with clone 2-2-2 indicates that the mRNA corresponding to this cDNA clone is approximately 4.5 kb and that its gene is ubiquitously expressed and neither developmentally nor hormonally regulated (data not shown).
Clone 2-2-2 was sequenced and was found to be 831-bp-long. A computer sequence similarity search of DNA sequence databases indicates that clone 2-2-2 shows 91% similarity to the sequence published for the mouse replication factor C large subunit (mRFC 140) (8). A schematic representation of this information is shown in Figure 1B .
Replication factor C (RFC) is a multiprotein complex that is an accessory complex in the process of eukaryotic DNA replication. The specific role of the large subunit of RFC is to bind the RNA primer/DNA template junction in a structure-specific manner, but not in a sequence-specific manner (8). The message encoded by this gene has been shown to be ubiquitously expressed (8) and to be approximately either 4.5 or 5.0 kb (8).
Together, the results of the Northern blot analysis and the sequence similarity with previously published sequence (8) suggest that clone 2-2-2 is a partial clone of the rat counterpart of the large subunit of RFC.
It is hypothesized that clone 2-2-2 was isolated during the Southwestern screening of the library and further confirmed as a positive clone in the mobility shift assays due to the ability of the large subunit of RFC to bind DNA in a sequence-nonspecific manner. Both the concatemer and the monomeric probes used in this report were double-stranded, but they did have single-stranded 5 ′ -overhanging ends. Therefore, the large subunit of RFC could bind to either the double-stranded or the single-stranded portion of the probe. The second scenario is quite likely because purified RFC binds specifically to DNA of an RNA primer/DNA template junction containing a 5 ′ -overhanging end (8). Figure 2A shows that the monomeric probe forms one DNA/protein complex with the crude cell extract from recombinant phage lysogen 17-1-2 (lanes 2 and 4) that is absent with the crude cell extract from the negative control -7) . Furthermore, this DNA/ protein complex is abolished by the presence of a specific competitor (lane 3) and is decreased by the presence of a nonspecific competitor (lane 4). These data confirm that the fusion protein encoded by clone 17-1-2 binds to the monomeric probe. However, they also suggest that this may not be a sequencespecific interaction because the DNA/ protein complex is decreased by the presence of a nonspecific competitor. Northern blot analysis with clone 17-1-2 indicates that various rat tissues either do not contain an mRNA corresponding to clone 17-1-2 or that level of expression is very low and below the limit of detection by Northern blot analysis (data not shown).
Clone 17-1-2 was sequenced and was found to be 3587-bp-long. A computer sequence similarity search of DNA sequence databases indicates that clone 17-1-2 shows 99% similarity to the sequence published for the E. coli racC, recE(5 ′ end) genes (4) and 98% similarity to the sequence published for the E. coli recE(3 ′ end) and recTgenes (5) . A schematic representation of this information is shown in Figure 2B .
The E. coli racC, recE , and recT genes are located in the Rac prophage of E. coli K-12, and the proteins encoded by the recEand recTgenes are involved in the process of homologous recombination in E. coli(7). The recE gene encodes the RecE or exonuclease VIII protein, which is a double-stranded DNA exonuclease (7). The recTgene encodes the RecT protein that binds to single-stranded DNA (but not to double-stranded DNA) and promotes the ATP-independent renaturation of complementary single-stranded DNA (7).
Together, the results of the Northern blot analysis and the sequence similarity with previously published sequences (4, 5) indicate that clone 17-1-2 results from E. coli contamination of the rat lung cDNA expression library. This finding was subsequently confirmed by the company from which the library was purchased.
As mentioned earlier, the probes used in this report were double-stranded, but they did have single-stranded 5 ′ -overhanging ends. It is hypothesized that clone 17-1-2 was isolated during the Southwestern screening of the library and further confirmed as a positive clone in the mobility shift assays because of either the double-stranded DNA binding activity of the RecE protein or the single-stranded DNA binding activity of the RecT protein.
Bacterial chromosomal contamination of a eukaryotic cDNA library has been reported previously by investigators using a cDNA to DNA hybridization procedure (10). However, we are unaware of any reports of bacterial 262BioTechniques
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chromosomal contamination of a cDNA expression library that was screened using a Southwestern procedure. Our results, together with those of others (10), indicate that it is possible, regardless of the method of screening, to isolate cDNA clones that are the result of bacterial chromosomal contamination. When contamination involves a cDNA expression library that has been screened using a Southwestern procedure, it is important to note that mobility shift assays cannot discriminate between a cDNA clone encoding an E. coli DNA binding protein vs. a cDNA clone encoding a eukaryotic DNA binding protein. Therefore, it is important to confirm the origin of positive cDNA clones as soon as possible.
In summary, Southwestern screening of a cDNA expression library can be used to isolate sequence-specific DNA binding proteins. However, one should be aware of two different types of cloning artifacts that may be isolated when using this procedure. First, positive clones may be isolated by virtue of the ability of their fusion proteins to bind DNA in a sequence-nonspecific manner. Second, it is possible for a eukaryotic cDNA expression library to be contaminated with bacterial chromosomal DNA. Therefore, it is important to confirm the origin of positive cDNA clones by Northern blot analysis and DNA sequencing early on in one's work. In addition, the results presented in this paper indicate that artifactual clones may be isolated by virtue of the ability of their encoded proteins to bind single-stranded DNA. Therefore, if possible, probes with single-stranded overhanging ends should not be used when carrying out a Southwestern screening of a cDNA expression library.
Improved Method for the Construction of Cosmid Sublibraries from Yeast Artificial Chromosomes
BioTechniques 22: 264-268 (February 1997) We describe here a simple and rapid procedure for the construction of cosmid sublibraries from human chromosomal fragments cloned in yeast artificial chromosomes (YACs). Subcloning of human DNA fragments in cosmids is increasingly important for the analysis of the human genome. The ultimate goal of many genome projects is the identification of disease-associated genes. Various techniques have been described for the identification of genes from chromosomes or chromosomal regions, including the use of CG-islands, hybridization selection and exon trapping (2, 4, 5) . The availability of DNA fragments cloned in cosmid vectors is a necessary prerequisite for the efficient application of several gene identification strategies, most notably of exon trapping, which was crucial for the identification of numerous disease genes (e.g., neurofibromatosis I) (7). Since YACs represent frequently the starting material in positional cloning projects, the subcloning into cosmids is frequently the bottleneck of these experiments. Although the subcloning is theoretically an easily performed experiment, in practice, this step is timeconsuming and frequently inefficient.
Our new method differs from previously reported approaches in that a modified preparative pulsed field electrophoresis (PFGE) gel is used for high resolution separation of YAC-DNA, and partial digestion of YAC-DNA takes place directly in the excised and melted agarose slice. The procedure minimizes contamination of YAC-DNA with yeast genomic DNA and reduces shearing forces. This results in the generation of optimal length fragments for efficient cosmid cloning (Figure 2A) . The new method yields hundreds of human-specific cosmid clones after a single plating and hybridization step ( Figure 2B ). Comparable approaches are less sufficient and more time-consuming (1,6).
To demonstrate the usefulness of our method, we analyzed the YAC YmetH1 (852D1), which retains a human insert of 870 kb. The YAC was isolated from the Centre d'Étude du Polymorphisme Humaine (CEPH) Mega YAC library as previously described (3) . A schematic presentation of the procedure is shown in Figure 1 .
To prepare yeast DNA in agarose plugs, yeast cells containing the YACs were embedded in 1% low-meltingpoint (LMP) agarose (SeaPlaque ® GTG; FMC BioProducts, Rockland, ME, USA) at a concentration of 3 × 10 8 cells/plug (plug volume: 90 µ L). PFGE was used to isolate the YAC. Before the isolation, it is, however, necessary to determine the exact position of the YAC DNA using analytical PFGE.
Analytical PFGE I was performed at 200 V with switching times ranging from 50-90 s for 22-24 h in 1% Rapid Agarose ™ (Life Technologies, Gaithersburg, MD, USA) using the CHEF-DR ® II gel apparatus (Bio-Rad, Hercules, CA, USA).
Subsequently, the YAC was recovered using preparative "slot" PFGE, which was modified as follows: Since preparative PFGE with LMP agarose gives a very poor resolution, PFGE was run with standard PFGE agarose (Rapid Agarose). To isolate the YAC-DNA, a preparative slot of 5-mm width was left in the gel at the predetermined position of the YAC DNA and filled with 1% LMP agarose. A preparative comb formed the slot while pouring the gel. The plugs containing the yeast cells were cut into thirds of which 7 were loaded into a single long slot at the start position of the pulse field gel (PFG). The modified preparative PFG was run under the same condition as the analytical PFG. Following electrophoresis, a portion of the gel was stained with ethidium bromide to verify the position of the YAC DNA in the LMP agarose slot. LMP agarose slices were excised from the unstained portion of the gel with a spatula and stored in 1 ×TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 7.6) at 4°C. An agarose slice of 100 µ L contains approximately 50-100 ng YAC DNA according to the size of the YAC.
Partial digestion of the YAC DNA was performed to obtain DNA
